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PREFACE 

The Agriculture and Resources Inventory Surveys Through Aerospace Remote 
Sensing Is a multiyear program of research, development, evaluation, and 
application of aerospace remote sensing for agricultural resources, which 
began In fiscal year 1980. This program Is a cooperative effort of the 
U.S. Department of Agriculture, the National Aeronautics and Space 
Acfcnlnl strati on, the National Oceanic and Atmospheric Administration (U.S. 
Department of Commerce), the Agency for International Development (U.S. 
Department of State), and the U.S. Department of the Interior. 
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1. INTRODUCTION 


The NOAA-n satellites of the TIROS series are currently being Investigated 
as potential sources for a variety of earth resources data. Placed In a 
near-polar, sun- synchronous orbit, their broad field of view permits fre- 
quent coverage, making the satellites Ideal for monitoring highly dynamic 
surface phenomena . 

The present study 1$ an attempt to utilize NOAA-n Advanced Very High 
Resol utlon Radiometer (AVHRR) data as a tool for monitoring the extent of 
major floods. To realize this. It was necessary to determine the basic 
spectral characteristics of water bodies and major land cover types as 
detected by the AVHRR. A large number of NOAA-n scenes from different 
seasons and different geographic locations were used. From these, many 
samples of water, soil, and vegetation were selected. The spectral 
responses of the scenes In the visible and near-infrared wavebands were 
studied. 

A look-up table classifier was developed based on analysis of the channel 
relationship for each surface feature. The classifier automatically 
separates land from water and produces classification maps which are 
registered to a global coordinate system. Testing of the classifier was 
completed for a number of acquisitions. Including coverage of a major flood 
on the Parana River of Argentina. 

The methods of data analysis developed for this project examine large scale 
phenomena only. Major changes In surface conditions, such as widespread 
flooding, are the types of situations that these procedures can best 
distinguish. These broad brush techniques are most useful In a first look 
at a given event or feature and provide quick views of the general surface 
conditions. 
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2. DETERMINING SPECTRAL CHARACTERISTICS OF MAJOR 
COVER TYPES FROM NOAA-n AVHRR 

Initial Investigations In determining the use of NOAA-n AVHRR data for 
monitoring large surface phenomena, such as floods, Involved basic analysis 
of the spectral characteristics of major cov<*** types. While many studies 
have examined the spectral Information content of Land sat data over 
numerous types of land cover, relatively few have dealt with NOAA-n data. 
Several significant differences between the NOAA-n and Land sat sensors made 
It necessary to examine NOAA-n spectral responses to major cover types 
without relying on results from the wealth of Land sat studies. The major 
sensor differences between the Land sat and NOAA-n systems are: 

1. Slightly different sensitivity ranges 1r the visible and near-infrared 
portions of the spectrum, 

2. Two to three additional sensors on the NOAA-n satellites, one In the 
middle-infrared, two In the thermal Infrared, 

3. Considerable differences In ground resolution (NOAA-n AVHRR ground 
resolution varies from about lxl kilometer to 2.5 x 6.5 kilometers, 
while Landsat MSS sensors provide .056 x .079 kilometers resolution), 

4. Large difference In sensor view angle (110.80° for NOAA-n, 11.56° for 
Landsat), and 

5. Difference In the number of digital levels and sensitivities to levels 
of electromagnetic energy (0-1024 for NOAA-n AVHRR data, 0-127 for the 
Landsat MSS sensors). 

The Investigation of the use of NOAA-6 satellite data to assess the areal 
extent of flooding was Initiated with NOAA-6 satellite scenes collected 
over the central United States by the National Oceanographic and 
Atmospheric Adnlni strati on (NOAA). (The Images were acquired In 1980 and 
1981 spanning the growing season over Texas, Mississippi, Indiana, and 
Michigan.) The spectral qualities of soil, vegetation, and water were 
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studied. In order to minimize Image distortion end large view angle 
problems, swaths 510 pixels wide centered on nadir were extracted from full 
scenes 2048 pixels wide. This central swath also corresponded to the 
optimum ground resolution area of about one square kilometer per pixel. 

The Images were each displayed on the Integrated Multivariate Data Analysis 
and Classification System (IM0ACS), an Interactive Image display systam 
which reads the digital spectral data from universal format tapes and 
converts the digital counts to color Intensity levels on a CRT. By using 
blue and green color guns with the AVHRR channel 1 Image, and the red color 
gun with channel 2, a false-color composite was projected onto the CRT 
whose hues highly resemble those of standard Landsat color composites. 
Different types of vegetation cover were represented by various Intensities 
of red, while soils were generally bluish-grey, and water varies from a 
powdery-blue to black. Detailed comparisons were nude between the NOAA-6 
color Images and the Landsat false colo- composites of the sane areas taken 
at similar time of year. These comparisons were used to Identify and 
delineate relatively homogeneous areas of agricultural vegetation (e.g., 
the corn belt of Illinois and Iowa), soil (e.g., land recently plowed for 
seeding, or arid surfaces lacking significant quantities of green biomass), 
and water bodies. A total of about sixty sample scenes In the form of 
rectangular fields were plotted onto the Images. The rectangular fields 
were composed of a range of 50 to over 1,000 pixels, depending upon the 
size and shape of the area being sampled. These fields represented the 
three basic cover types: water, soil, and vegetation. The soil and 
vegetation cover types do not represent perfectly "pure" surfaces since 
pure cover types rarely exist In nature. However, the samples of these 
general surface features were closen such that they represented a dominant 
cover type. 

The next major step Involved analysis of the spectral data from each sample 
field. Two methods were use.: histograms showing the spectral range and 
frequency of pixels In each channel, and two-dimensional scatterplots 
Illustrating the feature space location of the three cover types. Figures 
2-1, 2-2, and 2-3 show histograms with typical distributions of soil, 
vegetation, and water pixels. The spectral reflectance of soil In channel 
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1 (.58-.68um) Is somewhat less then Its reflectance In channel 2 
(.725-1.100). This property of a slight to moderate Increase In reflec- 
tance from the visible to near-infrared wavelengths Is typical of post 
soils. Figure 2-2 shows responses from a typical sample of healthy agri- 
cultural vegetation In channels 1 and 2. The relatively low reflectance 
level 1r channel 1 and high level In channel 2 Is characteristic of green 
foliage. The third histogram (Figure 2-3) Illustrates the distribution of 
a sample of water pixels from a lake of moderate turbidity. Because of 
sediment In the water, the reflectance In channel 1 Is somewhat higher than 
in channel 2, although both are relatively low. 
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Figure 2-1. Typical eoil histogram 
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Figure 2-2. typical vegetation histogram 
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Figure 2-3. Typical water histogram 
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Plots of reflectance In channels 1 and 2 were required for an analysis of 
the location, size and shape of the three cover types In a two-dimensional 
feature space. Sample scatterplots of soil, vegetation, and water are 
presented In Figure 2-4 and the scatterplot code Is presented In Table 2-1. 
These Individual plots or clusters show the somewhat limited distribution 
of particular samples from relatively small areas on the Imagery. Since 
one of the main objectives here was to determine the general responses of 
these cover types from NOAA-n satellites using a variety of acquisitions, a 
more relevant analysis of pixel clusters Involved a combination of all of 
the samples of soil, water, and vegetation. These "super" clusters 
encompassed a much larger range of cover type variations and, as expected, 
some overlap occurred between classes. Figures 2-5, 2-6, and 2-7 
Illustrate the three super clusters where the distributions about the class 
means and distributions are well differentiated. This Indicated that 
automated spectral classification of the three major cover types would 
perform well. The sixty samples of cover types used in generating the 
super clusters were quite homogeneous, since the number of outlying pixels 
around the clusters was small. 


2-7 


Table 2-1* Scatter Plot Code 


Code Symbol 


Pixel Frequency 


1 

2 
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Figure 2-4. Sample plots of soil, vegetation, and water for channels 1 and 
2. Channel values are in percent reflectance. 
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Soil super cluster. Percent reflectance values for both 
channels. 
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Figure 2-6* Vegetation super cluster. Percent reflectance values for both 
channels. 
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Figure 2-7. Water super cluster. Percent reflectance values for both 
channels. 
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3. A LOOK-UP TABLE CLASSIFIER FOR NOAA-n AVHRR DATA 


An automated classifier for separating the cover types was developed from 
the super clusters generated from two channel spectral data. A decision 
was made to develop a fast, efficient, and straight-forward classifier 
whose decision boundaries could easily be manipulated. As a result, a form 
of parallelepiped classifier was designed. Instead of boxing the super 
clusters Into simple rectangular decision regions, a series of Mall 
rectangles with stepped boundaries was employed so that the shapes of the 
pixel clusters would more accurately determine the decision boundaries. 
Inltallly, the decision boundaries were drawn as straight lines defining 
the decision region of each cluster. In doing so, pixel outliers were 
Ignored, and the decision boundaries were positioned so that they bisected 
the area of overlap between the soil and vegetation clusters. A solution 
to the problem was to superimpose a rectangular matrix onto the scatterplot 
where each matrix cell represents a discrete digital count (percent 
reflectance) of the AVHRR channel 1 and 2 data. Using the linear 
boundaries as a guide, the stepped boundaries were drawn along the matrix 
lines. This defined the decision regions used In the classifier (see 
Figure 3-1). 

The decision logic Is in the form of a matrix table to which all pixel 
values from an Image file are compared. A match between the channel values 
of a given pixel and the values in the matrix assigns the classification 
category defined In the matrix. This process Is repeated for all pixels of 
an image file, and results in a new file where all pixels have been 
classified according to the decision regions. The matrix includes 
unclassified areas where few, if any, pixels are expected to fall. Each 
region Is designed by a different symbol so that the general locations of 
pixels falling in these areas can be traced. Because of Its format and 
function, the classifier will be referred to as a look-up table classifier. 

The final product of the classified AVHRR data consists of maps showing the 
areal distributions of three general cover types. Before discussing the 
classification maps and map accuracies, it is necessary to examine the 
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techniques developed for extracting the date of Interest from the Imagery, 
determining areal estimates of the cover types, and for monitoring temporal 
changes In the cover types (e.g., flooding). Monitoring areal changes In 
cover types requires that the data be registered from one acqulslton to 
another. This Is especially true with NOM-n data because of severe Image 
distortion. Consequently, a major effort was made to overcome these 
problems, and the following section Is devoted to discussing the 
registration technique employed. 
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4. MAS TO IMAGE REGISTRATION OF NOAA-n DATA 


At Mentioned earlier, the wide view angle (110.8°) of the AYHRR scanners 
produces predicts' e but unequal ground pixel sizes. The finest resolu- 
tion, and hense sMilest ground pixels, (1.1 square km), occur at nadir (at 
the Earth's surface directly beneath the satellite). Conversely, the 
largest ground areas represented by pixels, (16.1 square km) , are located 
at the extremities of the view angle. This Means that a ground feature of 
fixed dlnenslons will be represented by Many wore pixels If It Is located 
at or near nadir than If It occurs near the edges of the Image. Conparlson 
of the area of a cover type frou one acquisition to another Must either 
take ground pixel size Into account, or Must use a suitable Means of 
registering Image data from two or More acquisitions. For the purposes of 
this study, the latter Method was chosen, where an effective pseudo- 
registration technique was employed. 

The registration technique described here enables one to compare the area 
of any large surface feature (e.g., a water body at least one square 
kilometer In width and breadth) from one acquisition to another. This 
method Is based upon a grid system which has been superimposed over the 
Earth using a polar stereographic projection as Its base. The grid cells 
are approximately 25 miles square, though this dimension varies a bit 
between the equator arid the poles. The grid cells are designated by 1, J 
coordinates where, in the northern hemisphere, the I values Increase from 
west to east, and the J values Increase from north to south. This grid 
will be referred to as the I, J Grid System, and was used here to register 
NOAA-6 AYHRR data on a grid cell basis. 

The registration procedure Involved Identifying the I, J grid cells that 
fell over the area of Interest (e.g., along a river to be monitored), this 
Information was acquired from small-scale maps (smaller than 1:10,000,000) 
showing the location of grid line Intersections. The Intersections are 
numbered, and they represent the upper left corner of each cell (In the 
northern hemlspehre only). Having Identified the proper cells, their pre- 
cise latitude ami longitude locations were retrieved from a computer pro- 
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gram cal lad LLTOIJ. That* coord Inat as wars plot tad earafully on bast naps 
at a scale of 1:1,000,000 so that the locations of aach cell were dram 
clearly over the areas to be Monitored. Next, coaputer conpatlble tapes 
containing MOAA-6 Local Area Coverage {LAC) data were obtained for the 
a> 'as to be Monitored. These were displayed on IN0ACS, the Interactive 
Inage data analysis systan Mentioned above. The color conposltes were 
screened for quality and cloud conditions, and a subjective analysis was 
performed on the areas of Interest. This Included general Interpretations 
of land cover, and visual areal estlnatlons Including counting pixels con- 
sidered to represent water bodies. These served for later coMparlson with 
classification results. 

Having selected a usable set of Iwage data over the area of Interest, the 
LAC tapes (containing the original raw digital ccunts were subwltted to a 
computer program called LACRE62. This program Is the key to the registra- 
tion technique because It separates the pixels from the Image data file 
Into Individual files by I, J cell. Briefly, the user must specify which 
I, J cells cover the area of Interest. The cell numbers are entered Into 
the LACREG2 program which then computes all pixel locations with respect to 
the I, J Grid System. Those pixels falling Into areas occupied by the des- 
ignated I, J cells are put Into separate files. These new files contain 
the digital counts for every pixel In each AVHRR channel, and they also 
retain the spatial arrangement between all pixels as they occur on trie 
Imagery. The latter feature Is necessary for gsneratlon of the classifica- 
tion maps. The output from this program is simply a listing of the number 
of pixels grouped Into each I-J cell and the new file name for each cell. 
Pixels extracted from one acquisition by LACREG2 and stored In a given set 
of I, J cell files cover basically the same areas on the Earth's surface as 
do pixels from it her LACREG2 extractions from different acquisitions using 
the same set of I,J cells. While the number of pixels falling into a given 
cell will change significantly from one Image set to another (as pixel 
sizes vary), the data Is always registered to the same 25 mile square plot 
of ground. The spectral and spatial characteristics of the AVHRR data 
could then be compared by an I, J cell basis. Further, this registration 
technique Is conducive to area estimation of Earth surface features since 
they can now be measured In terms of a percent of the known area of a cell. 
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The I, J cell files were also In a format suitable for the last stage: 
pixel classification and pixel mapping. 
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5. CLASSIFICATION AND MAPPING RESULTS 


The look-up table classifier described In section 3 Is part of a program 
called MAPI which was developed for the present study. MAPI reads the I, J 
cell files created by LACREG2 and classifies the pixels using the look-up 
table classifier. Finally, It prints the classified pixels from each I, J 
cell onto a CRT or line printer, preserving their spatial relationships 
(i.e., a map). The inputs to MAPI are: 

a) the name of the file containing the look-up table classifier, 

b) the name of the file (or device) to which the output record Is sent, 

c) the name of the LACREG2 data file containing the spectral values from 
the desired image acquisition, and 

d) the coordinates of the desired I, J cells. 

The outputs include the map of classified pixels (about 25 miles square), 
the number of pixels In the cell, the file name, the pixel count for each 
category, and the percent area occupied by each category within the total 
map area. 

An example of the MAPI output is illustrated In Figure 5-1. The area shown 
covers most of Galveston Island, Texas and was chosen for testing the 
classifier. A comparison of the classified map with conventional maps of 
Galveston shows that the primary function of separating land from water 
performed quite well. The coastline and Island shape is clearly in 
agreement with the actual coastal configuration. The cell area classified 
as land (soil and vegetation) compares well (within 5 percent) to the land 
area measured from the I,J cell plotted on a conventional map at 1:250,000. 
Problems were encountered in the separation of the soil and vegetation 
classes. Galveston Island was classified as having nearly total soil 
cover as the predominant surface feature. In reality, much of the island 
is covered by grasses, shrubs, and trees in the settled areas. However, it 
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Is likely that the soil background and dead leaf litter played a dominant 
role In the spectral return from the island. This shifted the pixel values 
Into the soil-dominant decision region. Determination of an "optimum" 
soil /vegetation decision boundary would require considerable calibration 
with detailed ground truth* and even then, this "optimum" would probably 
not be applicable over large areas or at different times. The soil/ 
vegetation distributions must be Interpreted with care, since the decision 
boundaries were drawn on the basis of results from a wide range of ground 
conditions. Additional problems occurred between the cloud/soll classes. 
Some low cloud areas which cannot be visually discriminated were classified 
as soil. The cloud/soll threshold will require additional evaluation for 
Improved results. Preliminary analysis Indicates that the soil /cloud 
threshold (represented by "s" and "four" on the look-up table matrix) needs 
to be lowered by three to five reflectance counts In channel 1. The 
present study concentrated on perfecting the basic land/water discrimina- 
tion for effective flood monitoring. 
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Figure 5-1. MAPI classified map of Galveston Island, Texas 
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lffi^-$'t2bf4 classifier was tasted over a number of different areas 
and acquisitions. Three additional I, J cells along the southeast Texas 
coast were classified using four separate acquisition dates: July 9, 1980; 
July 10, 1980 July 14, 1980; and August 14, 1980. These areas were Ideal 
for testing the land/water discrimination capabilities because of the ease 
with which the results could be compared to existing coastal maps. In 
nearly every case, the water category differed by no more than 5 percent 
when comparing classification results between the four acquisitions. 

In summary, the land/water discrimination capability worked very well for 
the Texas coast area, where both relatively clear ocean water and turbid 
bay waters occurred. 

The final step was to test the classifier on an actual flood. The "Storm 
and Unusual Weather Phenomena" bulletin, published by NQAA, was consulted 
for reports on recent U.S. floods where some form of damage assessment had 
been made. Four areas of flooding were located In middle America during 
1980. The floods were caused by localized severe thunderstorms and pro- 
duced crop losses. Both black and white prints of channels 1 and 2, and 
tapes of AVHRR data were ordered from N0AA. The acquisition dates ranged 
from about two weeks before the floods to two weeks after the floods, and a 
total of nine dates were obtained. The prints were used primarily to 
locate the areas of Interest and to determine whether cloud cover presented 
any problems. A large portion of the data set proved to be unusable due to 
cloud cover. The remaining scenes were displayed In false color on IMDACS 
for careful visual analysis of the areas In question. In each case, the 
acquisitions occurred either several days before the reported flooding, or 
three days to two weeks after the flooding. No indication of standing 
water was found on any of the post flood scenes, despite the fact that 
water bodies resolvable by the NOAA-n sensors were conspicuous on color 
composites of channels 1 and 2. 

This was not surprising, since the rain occurred on land whose natural 
drainage system could likely handle most of the runoff after one to two 
days. By the time the clouds had dispersed, most of the surface flood 
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water had disappeared. Futhermore, in all four areas the rains did not 
fall on flood plains were drainage would be slow. It was realized that the 
NOAA-n data would be more applicable to monitoring major floods occurlng In 
areas of poor drainage such as flood plains with low gradients. These 
areas would be likely to have slower runoff rates, longer periods of 
Inundation, and potentially cover larger areas. 

Since no floods of this magnitude occurred In 1980-1981 In the U.S., a 
search was made for recent floods occurring In foreign areas. A major 
flood was located along the Parana River of Argentina where large areas of 
the flood plains were Inundated. Satellite coverage of the flooded area 
was remarkably cloud-free on all three available acquisitions. The dates 
of coverage were: March 14, 1980; April 15, 1980; and February 20, 1981. 
The second date represents low to normal water levels In the river channel. 
The first and last dates were obtained during high water stages, where the 
river had overflowed Its banks. 

The analysis of the Parana River flood began with color composite displays 
of the LAC tape data. A major section of the river between 27° south 
latitude and 30° south latitude was chosen for detailed analysis. First 
twelve I-, J cells were Identified over the flood plain and were plotted 
onto a base map at 1:1,000,000. The I, J cell coordinates were then 
submitted to LACREG2 for pixel extraction from the three LAC tapes. When 
the cell files had been created by LACREG2, the MAPI program was run, 
producing classified I, J cell maps for the three acquisitions much like 
Figure 5-1. Each I, J cell map was joined to Its proper neighbor producing 
a mosaic of the entire river segment. A reduced, modified version of the 
three river mosaics is presented in Figure 5-2. Note that the percent 
water changed drastically from one acquisition to another. This Is due 
primarily to the contrasts between the high water and low water stages. 
These classification results compare favorably to visual analysis of the 
color composite Images, where pixel -by-pixel comparisons were made. 

However, a severe misclassificatlon occurred with the April 15 data set In 
which water within the river channel at a low water stage was classified as 
soil. An analysis of the color Image display shows that the river water is 
highly turbid and is characterized by relatively high reflectance in 
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channel 1 (11-13 percent), and unusually high reflectance In channel 2 
(11-15 percent). These characteristics put the water returns Into the soil 
category. A scatterplot from this data set shows two clusters falling Into 
the soil category. Further analysis Is needed to determine If these 
actually represent the distinct land cover types of soil and water. If 
such 1$ the case, the decision boundaries should be modified to reflect the 
unique spectral qualities of the April 15 data set. 

Classification accuracies are difficult to determine without adequate 
ground truth. Pixels dominated by water are generally conspicuous on false 
color composites of NOAA-n data, and this has been substantiated by 
detailed comparison with base maps of 1:1,000,000 or larger where water 
bodies are clearly delineated. This has been further supported by 
comparison with Landsat color composites. Lacking ground truth, the 
classifications of the Parana River were compared with visual anlayses of 
color composite displays. 

As mentioned above, severe misclasslflcation occurred on the April 15 data. 
The other two dates produced much better results. However, the same 
problem occurred to a lesser degree, where water/soil pixels were Indis- 
tinguishable when the Parana r1ver°s continuity was interrupted by soil 
pixels (see the March 14 mosaic). The base maps and Landsat Images were 
examined to assess the discontinuity of the river. The riv®r was at Its 
lowest water stage over two to three kilometers wide and the problem In 
classification was attributed to lack of distinction between turbid water 
and dark soils. 

A second type of confusion occurred between wet soils and water. This 
distinction proved to be very difficult to make, even visually. Without 
ground truth, meaningful accuracy figures for the wet soil /water classes 
cannot be given. The wet soil /water classes shown In the I, 0 maps must be 
interpreted with care, and further analysis is needed to clarify these 
distinctions using areas for which ground truth data exists. 
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Analysis was also performed on the spatial accuracies of the areas 
extracted by LACREG2. For comparisons between the percent water area of an 
I, J cell using two or more acquisitions. It Is crucial that the pixels 
within the I, J cell represent the same 25 x 25 mile area on the Earth. 
However, some spatial variation does exist between the areas represented by 
pixels In an I, J cell. To measure this variation, prominent land features 
which appear repeatedly In all I. J cell classifications were located. 

Then, the distance between the I, J cell boundaries and these prominent 
features were measured. Since I, J cells do not have a uniform size when 
printed as classified maps (due to varying pixel size), distance was 
measured In tenths of the lengths and widths of the printed I, J cells. 

This unit allowed for a standardized comparison between I, J cells of 
different dimensions. 

Seven different distance measurements were made for each of the four I, J 
classification maps of the Texas coastline. In every case, the x and y 
spatial variation between different acquisitions of a given I, J varied by 
no more than one twentieth of the side of a cell. This translates to no 
more than a 1 1/4 mile variation, or between one and two pixels at nadir. 

The turee Argentina acquisitions were compared In the same fashion. Two of 
the three acquisitions (February 20, 1981 and April 15, 1980) produced 
similar results, with spatial variation not exceeding 1 1/4 miles along 
both axes. The third date (March 14, 1980) varied significantly from the 
others: less than 1/14 miles in the x-dlrection, but 7 1/2 miles In the 

y-dlrectlon. This extreme shift has been known to occur occasionally In 
other LACREG2 extractions. Briefly, it Is a function of a discrepancy 
between the predicted orbital position of the satellite (the number used In 
the Image data header), and the actual position of the satellite. The 
pixels become registered to Increasingly erroneous latitude and longitude 
coordinates until adjustments are made to reflect the actual satellite 
position. When this magnitude uf spatial variation occurs along the y- 
axis, areal estimates of cover types should account for this before 
comparisons are made between acquisitions. 
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6. CONCLUSIONS 


Much preliminary work has been realized In the use of NOAA-n data as a tool 
for land/water discrimination and flood monitoring. A basic understanding 
of the spectral returns In AVHRR channels 1 and 2 for water, soil, and 
vegetation has been gained. A simple classification system was developed 
upon which further research and refinement can be made. Furthermore, an 
effective method of Image registration was employed which permits multi- 
temporal registration of NOAA-n data. 

Several classification problems were encountered, but preliminary anlaysls 
Indicated that these could be overcome by better ground truth support and 
more extensive analysis of the spectral scatterplots. The spatial regis- 
tration worked well In most data sets, though significant misregistration 
In the y-dlrectlon was found In one case. 

The present study was confined to examination of the reflective AVHRR 
channels. The less understood thermal channels may Imprcve classification 
results when combined with the reflective channels. Clearly, much ground- 
work Is needed for better understanding their contribution to measurements 
of environmental phenomena. 


NASA-JSC 


6-1 


